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QUESTION 1 (10/100 marks) 


Numerical questions (1.1 — 1.4) Show all the working (numerical development) of how you 
reached your answer. Partial marks may be awarded even if the final numerical result is 
incorrect. 


1.1 


1,2 


1.3 


1.4 


There are three alleles for a particular locus: A, B and C. If f(A) = 0.2 and f(B) = 0.3 calculate 
the expected frequencies for all possible genotypes. (3 marks) 


At what population size (Ne) is an allele with a selection coefficient of s = 2%, effectively 
neutral? (2 marks) 


A lady establishing a breeding program for Maltese dogs sets up the following pedigree pattern 
for the next four years. 


(ar) (Bu) (c) NOTE: The subscripts M 


and F indicate the sex of 


oD @ ® the animal. 


What is the inbreeding coefficient for the female dog “X”? Next year the breeder wants to mate 
X with her grandfather “B” as they both have a lovely coat colour. Can you see any possible 
problems that may result? (3 marks) 


The depth of bill in Darwin’s medium ground finches on the Galapagos Islands before 1977 was 
9.42 mm on average. After the 1976 — 1978 drought the bill depth was measured as 9.96 mm on 
average in the survivors. What is the expected response to selection for this trait if heritability is 
0.73 in this population? What type of effect did this drought have on the finches to cause this 
change? (2 marks) 


QUESTION 2 (20/100 marks) 


Develop a case study for an endangered population and discuss a management plan (from a genetics 
perspective) to improve its long term viability. 


QUESTION 3 (10/100 marks) 


How can isolation lead to speciation in evolution? 


QUESTION 4 (10/100 marks) 


Why is accurate taxonomy important for conservation efforts? You can use examples to illustrate. 
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QUESTION 5 (10/100 marks) 


Briefly describe the main processes that can change the genomic composition of populations over 
time. 


QUESTION 6 (10/100 marks) 


What are the effects of genetic drift on small isolated populations? Discuss in terms of within sub- 
populations, between sub-populations and across the entire population. 


QUESTION 7 (30/100 marks) 
This question has three parts. Each part is worth 10 marks. 


Eight cattle breeds (Bos primigenius) were genotyped using the 50K SNP chip. Seven of the breeds 
where Bos primigenius taurus, which can be split into five European breeds: dairy (Brown Swiss and 
Holstein) and beef (Hereford, Angus and Limousine); and two Eastern Asian breeds (Korean Hanwoo 
and Chinese Yeonbyun). A Bos primigenius indicus breed (Brahman) was included, mainly to serve 
as an outgroup. The numbers of individuals genotyped for each breed are summarized in Table 7.1. 


Hanwoo samples consisted of three subpopulations: Jeju Black, Brindle and Brown Hanwoo. The 
first two are island populations with small numbers (~1,000 individuals in each population) while the 
latter is a very large mainland population. All three are part of the same breed but have been 
geographically isolated since the 1950’s with limited gene flow between them since then. 


Table 7.1. Breeds and number of individuals per breed/population; observed heterozygosity (and 
standard deviation), number of SNPs not segregating in each breed and coefficient of inbreeding. 


Breed Samples | Heterozygosity (sd) | Fixed SNP Fis 
Angus (AG) 19 0.341 (0.022) 1323 0.014 
Brahman (BR) 19 0.208 (0.019) 6228 0.004 
Brindle (BK) 20 0.306 (0.019) 4023 -0.038 
Brown Swiss (BS) 6 0.291 (0.014) 8115 -0.017 
Hanwoo (HW) 40 0.312 (0.01) 13241 0.002 
Hereford (HF) 15 0.334 (0.007) 2882 -0.005 
Holstein (HL) 19 0.329 (0.012) 3018 -0.008 
Jeju Black (JB) 20 0.303 (0.02) 3367 -0.013 
Limousine (LM) 13 0.332 (0.008) 2797 -0.002 
Yeonbyun (YB) 39 0.326 (0.016) 861 0.008 


QUESTION 7 is continued on next page 
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Table 7.2. Upper diagonal — pairwise estimates of FST across breeds/populations (calculated 
following Weir and Cockerham, 1984). Breed abbreviations are the same as those used in Table 7.1. 


AG BR BK BS HW HF HL JB LM YB 
AG 0.30 0.15 0.13 0.12 0.09 0.11 0.14 0.08 0.10 
BR 0.31 0.38 0.27 0.34 0.32 0.30 0.31 0.25 
BK 0.19 0.03 0.18 0.17 0.06 0.14 0.03 
BS 0.16 0.17 0.16 0.18 0.11 0.13 
HW 0.16 0.15 0.04 0.11 0.01 
HF 0.15 0.18 0.11 0.13 
HL 0.17 0.11 0.12 
JB 0.13 0.03 
LM 0.08 
YB 


Now answer the questions below. 


7.1 Using the data from table 7.1 discuss the levels of variation observed within the breeds and 
subpopulations. Are there any potential concerns about the future viability of these breeds? 
Remember to account for sampling size and ascertainment bias in your discussion. (10 marks) 


7.2 Describe the relationships and levels of population differentiation using the data in Table 7.2 (10 
marks). 


7.3 Yeonbyun (YB) and continental Hanwoo (HW) have the lowest FST between any two breeds 
and interestingly, their pairwise FST is lower than the FSTs between the three Hanwoo 
subpopulations. Discuss how this could occur (10 marks). 


Please remember - This examination question paper MUST BE HANDED IN. Failure to do so may 
result in the cancellation of all marks for this examination. 
Writing your name and number on the front will help us confirm that your paper has been returned. 


